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Abstract 
This study reports μPIV flow data analysis and their comparison with numerical results of the flow in 3D mili-scale 
channels developed for hemodynamic studies. The 3D mili-scale channels represent simplified anatomical models of 
blood vessels constructed in polidimethylsiloxane (PDMS) and produced by a sucrose casting method. The CFD package 
used to simulate the flow was ANSYS. Vessels with stenoses were chosen to the study: a straight channel and a channel 
bifurcating in two daughter channels. The results show a good agreement between the numerical and the experimental 
data. This work will allow a more realistic approach for future hemodynamic studies focusing on atherosclerosis in mili-
scale arteries. 
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1. Introduction 
Cardiovascular diseases are presently the leading cause of death in humans [1]. From clinical practice, it is 
known that specific sites in the human circulatory system are particularly sensitive to the development of 
cardiovascular diseases. Fluid dynamics studies have been used to advance the understanding of 
cardiovascular diseases.  In vivo studies are only possible in very limited situations due to practical and ethical 
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reasons. Numerical studies always require experimental validation. The velocity field of blood flow in vitro 
has been measured using several techniques, including: laser-Doppler anemometry [2] and particle-based 
methods such as Particle Tracking Velocimetry (PTV), Particle Image Velocimetry (PIV) and Micro-Particle 
Image Velocimetry (μPIV)[3, 4]. μPIV has been applied to the study of microcirculation [3, 5, 6], i.e., flows 
in vessels with a diameter less than 250 μm and also to the study in milli-scale vessels. μPIV studies require 
the construction of a model of the blood vessel under study. The model must be transparent in the wavelength 
of the light used and its half thickness must be smaller than the focal distance of the objective used. 
In this work, an experimental and a numerical study of the flow in vessels with stenoses is presented. The 
experimental work is based on μPIV measurements of the flow in PDMS models of mili-scale vessels 
produced by sucrose casting. The numerical work is based on the simulation of the flow in vessels using the 
ANSYS CFD package. The data obtained by both approaches are compared. 
2. Methods 
Numerical simulation and μPIV studies were made in two different channels: a straight channel  with a 
diameter of 2.5 mm (Figure 1a) and having a stenosis of 50% of occlusion (Figure 1b); and a bifurcated 
channel (Figure 1c) where the diameter of the main branch is 3.5 mm and the diameter of each daughter 
branch 2.78 mm. An angle of 90º was considered between the two daughter branches. The stenosis, 25% of 
occlusion, is located after the bifurcation, in one of the daughter channels (Figure 1c). In the stenotic channel 
and in the bifurcated channel, the regions 
1b and 1d, respectively.  
 
Fig.1. (a) Straight channel with a stenosis (50 % occlusion); (b) focusing the stenosis area; (c) Bifurcated channel with a stenosis (25 % 
occlusion); (d) focusing the bifurcated area 
The fluid used for numerical simulation and μPIV was a water/glycerol (39 %/61 % w/w) mixture (μ = 
1.140 x 10-2Pa·s and -3). In the straight channel (Figure 1a and 1b), the inlet flow was 1047 
mL.h-1. In the case of the bifurcated channel (Figure 1c and 1d), the fluid flow distribution was considered 
equal in both daughter branches. Moreover, for the bifurcated channel, three flows were considered: 600mL.h-
1, 1200 mL.h-1 and 5000 mL.h-1. 
2.1. Numerical Simulation 
For the mumerical study, a commercial code, ANSYS, was used to perform the simulations. The three-
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dimensional geometries were created in SolidWorks and were imported to ANSYS. In the straight channel, the
domain was divided into three regions (Figure 2a) while in the bifurcated channel, the domain was divided
into four regions (Figure 2b). Different grids were created in each region 
Fig.2. Geometry and computational grid for: (a) a straight channel with a stenosis (50% of occlusion); and (b) a bifurcated channel with a 
stenosis (25% of occlusion)
A parabolic velocity profile was considered at the inlet to assure complete flow development. At the outlets
a null gauge pressure was considered.
2.2. Experimental Setup
2.2.1. Fabrication of the Mili-Channels
An overview of the fabrication process is illustrated in Figure 3. The geometry was created in computer-
aided design (CAD), (Figure 3a) and a first mold made of an epoxy-resin was then constructed by rapid
prototyping applying stereolithography (Figure 3b). Afterwards, a negative version of the mold was fabricated
in non-transparent silicone (Figure 3c). This silicone mold was used to cast a third sacrificial mold using
melted sucrose. The sucrose mold (Figure 3d) was taken from the non-transparent silicone mold and placed in 
a petri dish. To fabricate the final channels in transparent and elastic material, PDMS was mixed with curing
agent in a 5:1 ratio.  The PDMS (Figure 3e) was then transferred to the petri dish containing the sacrificial
mold and cured at room temperature for 24h. After the curing step, the sucrose was removed by dissolution in
water at room temperature (Figure 3f).
Fig.3. Schematic diagram of the fabrication process of the mili-channels
a) b)
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2.2.2. μPIV Analysis 
 
tracer particles (Nile Red, Molecular Probes, Invitrogen, Ex/Em: 535/575 nm, density: 1.05 g/mL). A syringe 
-scale channels. The channels 
wer
-
15, Dantec Dynamics) with a wavelength of 532 nm. The time interval between pulses was adjusted in the 
t[
used for 
 
 
 
Dynamics) with a resolution of 2048 x 2048 pixels, running in double frame mode. The images were post-
processed to obtain the velocity vector map using DYNAMIC STUDIO V2.3® software (Dantec Dynamics) 
based on ensemble averaging of 100 pairs of images. All images were acquired at the midplane of the mili-
scale channel. The post-  
3. Results 
The velocity profiles along the straight channel are shown in Figure 5. This representation shows both 
numerical simulation and μPIV analysis. The μPIV data matches the numerical results and shows that the 
flow, in the largest diameter area, is developed upstream the stenosis and starts accelerating as it approach the 
stenosis region. In the stenosis region the velocity profiles are more elongated and the peak velocity is higher 
as expected. The mean velocity is higher in the stenosis due to the smaller diameter, as also expected. 
Figures 6 and 7 show the velocity field normalized by the mean velocity in the inlet channel, for the case of 
the bifurcation with a stenosis. Figure 6 reports experimental results while Figure 7 reports numerical ones. 
The numerical simulation results are consistent with the experimental data. Note that the normalized velocity 
is lower in the daughter branch that contains the stenosis due to the higher pressure drop along that branch.  
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Fig.5. Normalized experimental and numerical velocity profiles measured along the midplane of the straight channel highlighting the 
stenosis region with 50% of occlusion (Q= 1047 m3.s-1) 
 
Fig.6. μPIV analysis of the normalized velocity field in the bifurcated 3D mili-scale channel at: (a) Q = 600 mL.h-1; (b) Q = 1200 mL.h-
1 ;and (c) Q = 5000 mL.h-1. The red arrows show the flow direction 
 
Fig.7. Numerical simulation of the normalized velocity field in the bifurcated 3D mili-scale channel at: (a) Q=600 mL.h-1; (b) Q = 1200 
mL.h-1; and (c) Q = 5000 mL.h-1. The red arrows show the flow direction. 
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4. Conclusions 
For hemodynamic studies, velocity fields and velocity profiles were obtained along the 3D mili-scale 
channels (straight channel with stenosis and bifurcated channel with stenosis), using μPIV technique and 
numerical simulation. Experimental and numerical data are in a good agreement. This work will allow a more 
realistic approach for future hemodynamic studies, focusing on atherosclerosis in mili-scale arteries. 
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